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ABSTRACT 
Polysiloxane is a specialty synthetic elastomer that provides a unique balance of chemical 
and mechanical properties required by many industrial applications. It is widely used in 
many fields due to its high- and low-temperature resistance, long service life, inertness, 
and many other excellent characteristics. However, for the poor mechanical properties, it 
cannot be practically used without reinforcement. Such deficiency is usually overcome by 
adding certain reinforcing filler. In this research, polysiloxane was reinforced with 
synthetic silica in order to improve the physical and mechanical properties. Seven 
samples with 0 wt??, 2 wt??, 4 d ? , 6  WE?, 8 8%, 10 wt?! and 12 wt?? of silica loading 
and two method were used for fabricated each sample., Morphology of samples was 
observed by scanning electron microscopy (SEM) while, physical properties were 
measured by density test. Molecular vibrations and rotations of samples were examined 
by Fourier Transform Infrared Spectroscopy (FTIR). Thermal stability of the samples 
was measured by Thermogravimetric Analysis (TGA), The mechanical properties were 
examined via tensile test in this research. The results fiom SEM observation, the silica 
particles were distributed uniformly. However, the increment of silica led to 
agglomeration of particles. The densities of the developed polysiloxane composites were 
showing gradually rise with an increase amount of filler for both of the methods. The 
result of FTIR similar for all samples was obtained. The mechanical properties revealed 
the best of tensile strength was with samples 2 WE!? silica for both of methods are used 
and the best values of tensile strength were obtained fiom samples fabricated by casting 
moulding method. 
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CHAPTER 1 
INTRODUCTION 
1.1 Background of Study 
polysiloxane is a specialty synthetic elastomer that provides a unique balance of chemical 
and mechanical properties required by many of today's more demanding industrial 
applications. It is widely used in many fields due to its high- and low-temperature 
resistance, long service life, inertness, and many other excellent characteristics. However, 
for the poor mechanical properties, it cannot be practically used without reinforcement. 
Such deficiency is usually overcome by adding certain reinforcing filler (Biichel, 2008). 
Organosilicone chemistry had its beginnings about 100 years ago. Kipping of 
England was the first to name silicones. As early as 1904, he synthesized a number of 
R-Si-X compounds using Grignard reagents. As scientific knowledge about the 
formation of large polymer molecules increased in the early 1930s, industrial 
development of silicones began (Miller, 1984). polysiloxane were initially used for 
military applications during World War 11, followed by use in the aerospace industry. 
polysiloxane fluids are unique polymers that combine an inorganic silicon-oxygen 
(polysiloxane) backbone with organic side chains: R groups such as methyl (CH3) and 
phenyl (C&), as shown in Figure. 1.1 
Figure 1.1 : The hybrid nature of the polysiloxane polymer (Rudnick, 1999) 
This hybrid nature explains why silicones behave somewhat like organic 
polymers, yet retain important inorganic properties like heat resistance. Many of the 
unique properties of silicone fluids are due to the free rotation of molecules along the 
Si--0 and S i r  bond axes and the flexible nature of the siloxane backbone. This 
freedom of motion leads to greater intermolecular distance and, therefore, to lower 
intermolecular forces. These factors explain the low modulus, low glass transition 
temperatures (Tg), and high permeability of silicones (Rudnick, 1999). 
There are several properties of polysiloxane (Biichel, 2008): 
v. 
vi. 
vii. 
Low thermal conductivity 
Low toxicity 
Thermal stability (constancy of properties over a wide temperature range of -100 
to 250 "C). 
The ability to repel water and form watertight seals, although polysiloxanes are 
not hydrophobes. 
Does not stick to many substrates, but adheres very well to others, e.g. glass. 
Does not support microbiological growth. 
Polysiloxane have excellent resistance to oxygen, ozone, and ultraviolet (UV) 
light. 
Good electrical insulation. Because polysiloxane can be formulated to be 
electrically insulative or conductive, it is suitable for a wide range of electrical 
applications. 
ix. They have high gas permeability: at room temperature (25 "C), the permeability 
of polysiloxane for such gases as oxygen is approximately 400 times that of butyl 
rubber, making silicone useful for medical applications in which increased 
aeration is desired. Consequently, polysiloxanes cannot be used where gas-tight 
seals are necessary. 
Silicon, a tetravalent metalloid, is a chemical element with the symbol Si. It is less 
reactive than its chemical analog carbon, the nonmetal directly above it in the periodic 
table, but more reactive than germanium, the metalloid directly below it in the table. 
Controversy about silicon's character dates to its discovery; it was first prepared and 
characterized in pure form in 1823. It's nonmetallic element occurring extensively in the 
earth's crust in silica and silicates, having both an amorphous and a crystalline allotrope, 
and used doped or in combination with other materials in glass, semiconducting devices, 
concrete, brick, refractories, pottery, and silicones. Atomic number 14; atomic weight 
28.086; melting point 1,410°C; boiling point 2,355"C; specific gravity 2.33; valence 4. 
Silica denotes the compound silicon dioxide, SiOz, and includes both naturally 
occurring and synthetic silica. Silica has the structural formula: O=Si=O. Silica is present 
in its natural state in the crystalline form and is commonly found as quartz. The physical 
forms of silica can be grouped as crystalline and amorphous. 
1.2 Problem Statement 
Polysiloxane was its good performance of the resistance at high or low temperature but 
poor mechanical damping properties. There are three mainly methods to improve the 
mechanical damping properties of silicon rubber. One is a modification of the main chain 
of silicone rubber. Second is the blending of polysiloxane with other organic polymers or 
inorganic fillers. And the third method is to add damping agent in order to increase the 
molecular fiiction and modulus. 
In this research, it is believed that polysiloxane composite and standing provides 
physical properties as compared to pure polysiloxane. As mentioned, incorporated 
synthetic silica in pure polymer could offer better mechanical and physical properties via 
casting and compression moulding methods. Hence, the a suitable percentage of silica 
reinforced to polysiloxane, the new developed polysiloxane composite may deliver a 
significant improvement on the physical and mechanical properties 
1.3 Objective 
The objectives in the project are: 
1) To fabricate composite polysiloxane filled silica (synthetic-derived) 
2) To investigate the curing temperature and time for polysiloxane filled silica via 
casting and compression molding methods. 
1.4 Scope of Study 
The scopes of study are: 
To study of the composite polysiloxane filled silica 
The percentages of weight of silica as the filler were increased fiom (0, 2, 4, 6, 8, 
10, and 12 wt %). 
The characteristic of fillers was analyzed by X-Ray Diffraction (XRD). 
The composite were fabricated by casting and compression moulding methods. 
The curing temperature was set at 65C0 for casting and compression molding 
methods. 
The curing time is 30 minutes. For curing temperature at 65C0 for casting and 
compression molding methods. 
The mechanical property of polysiloxane composite was examined through tensile 
test. 
The physical property of polysiloxane composite is examined through density. 
The thermal property of polysiloxane composite is examined trough 
Themogravity Analysis (TGA). 
Molecular vibration of polysiloxane composite is examined through Fourier 
Transform Infrared (FTIR). 
11) Morphology of polysiloxane composite is observed through Scanning Electron 
Microscopy (SEM). 
1.5 Significant of study 
The significances of the research include: 
i. To compared the physical and mechanical properties of the polysiloxane composite 
if fabricated via casting and compression molding method. 
ii. Silica as filler can be reduced the production cost and also environmentally 
fiiendl y. 
CHAPTER 2 
LITERATURE REVIEW 
2.1 Composite Materials 
A composite material can be defined as a combination of two or more materials that 
results in better properties than those of the individual components used alone. In contrast 
to metallic alloys, each material retains its separate chemical, physical, and mechanical 
properties. The materials basically include a matrix or binder, and a filler or 
reinforcement. The main advantages of composite materials are their high strength and 
stiffiess, combined with low density, when compared with bulk materials, allowing for a 
weight reduction in the finished part (Campbell, 2010). 
In most composite formation, the matrix will hold the reinforced fillers on a 
structural unit and protect them fiom external damage. Besides, it is required to transfer 
and distribute the applied loads to fillers at very short intervals in composite (Gibson, 
2012). The reinforcing phase provides the strength and stiffiess. In most cases, the 
reinforcement is harder, stronger, and stiffer than the matrix. The reinforcement is usually 
a fiber or a particulate. Particulate composites have dimensions that are approximately 
equal in all directions. They may be spherical, platelets, or any other regular or irregular 
geometry. Particulate composites tend to be much weaker and less stiff than continuous 
fiber composites, but they are usually much less expensive. Particulate reinforced 
composites usually contain less reinforcement (up to 40 to 50 volume percent) due to 
processing difficulties and brittleness (Campbell, 2010). 
Few polymers are thermally stable by comparison with metals or ceramics and 
even the most stable, like the polyimides, or poly(ether ketone) (known as PEEK) are 
degraded by exposure to temperatures above about 300°C, There is nothing that 
reinforcement 'can do to combat chemical degradation, but the associated fall in strength 
and increase in time-dependent (creep or visco-elastic) deformation, a feature common to 
all polymers, though less serious in cross-linked resin systems than in thermoplastics, can 
be delayed by reinforcement (Harris, 1986). A more serious problem in polymers is their 
very low mechanical strength and stifbess in bulk form: and, like metals, the weakest 
plastics tend to be ductile but the strongest tend to be brittle, although there are 
exceptions (Harris, 1986). 
2.1.1 Polymer Matrix Composites 
Most commonly used matrix materials are polymeric. The reason for this is twofold. In 
general the mechanical properties of polymers are inadequate for many structural 
purposes. In particular their strength and stifiess are low compared to metals and 
ceramics. These difficulties are overcome by reinforcing other materials with polymers. 
Secondly the processing of polymer matrix composites need not involve high pressure 
and doesn't require high temperature. 
Also the equipment required for manufacturing polymer matrix composites are 
simpler. For this reason polymer matrix composite developed rapidly and soon became 
popular for structural applications. Composites are used because overall properties of the 
composites are superior to those of the individual components for example 
polymer/ceramic. Composites have a greater modulus than the polymer component but 
aren't as brittle as ceramics (Matthews, 1999). 
There are two types of polymer composites (Matthews, 1999): 
1. Fiber reinforced polymer (FRP) 
2. Particle reinforced polymer (PRP) 
2.1.2 Particle Reinforced Polymer 
The particles used for reinforcing include ceramics and glasses such as small mineral 
particles, metal particles such as aluminum and amorphous materials, including polymers 
and carbon black. Particles are used to increase the modules of the matrix and to decrease 
the ductility of the matrix. Particles are also used to reduce the cost of the composites. 
Reinforcements and matrices can be common, inexpensive materials and are easily 
processed. ,Some of the useful properties of ceramics and glasses include high melting 
temperature. Low density, high strength, stifiess; wear resistance, and corrosion 
resistance. Many ceramics are good electrical and thermal insulators. Some ceramics 
have special properties; some ceramics are magnetic materials; some are piezoelectric 
materials; and a few special ceramics are even superconductors at very low temperatures. 
Ceramics and glasses have one major drawback: they are brittle. An example of particle 
reinforced composites is an automobile tire, which has carbon black particles in a matrix 
of poly-isobutylene elastomeric polymer (Matthews, 1999). 
Polymer composite materials have generated wide interest in various engineering 
fields, particularly in aerospace applications. Research is underway worldwide to develop 
newer composites with varied combinations of fibers and fillers so as to make them 
useable under different operational conditions (Matthews, 1999). Against this backdrop, 
the present work has been taken up to develop a series of PEEK based composites with 
glass fiber reinforcement and with ceramic fillers and to study their response to solid 
particle erosion (Matthews, 1999). 
2.2 Introduction of Polysiloxane 
There has been an interest in polysiloxane since Kipping developed a convenient method 
of producing organosilanes in 1904 (Miller, 1984). The industrial production of silicone 
became possible when Rochow of General Electric first successfully synthesized 
alkylchlorosilane (Rochow, 1987). Since then, the material improved physically, 
chemically and economically to the point that it can now compete in the traditional 
organic rubber markets and helps impart a longer life to today's more demanding 
applications. The worldwide demand for polysiloxane at present is approximately 
170,000 metric tons per year and it is growing at about 4-5% per year. Compared to many 
organic elastomers, polysiloxane offers superior ease of fabrication resulting in higher 
productivity and cost effectiveness for extended service reliability. It is used in several 
industrial, automotive, aerospace, electrical-electronics, household and healthcare 
applications (Lynch, 1978). 
Polysiloxanes are elastic substances which contain linear silicone cross-linked in a 
3- dimensional network. In most cases this network also contains fillers which acts as a 
reinforcing agent or as an additive for certain mechanical, chemical or physical 
properties. In general all silicones (usually we refer to polysiloxanes as polydiamethl 
silicones) are noted for their high thermal stability. Biocompatibility, hydrophobic nature, 
electrical and release properties. When silicones are cross linked to form a polysiloxane 
their characteristic properties are still prevalent. Hence silicone elastomers can be widely 
used in a great variety of applications (Jerschow, 2001). Some examples are shown in 
Table 2.1 
Table 2.1 : Brief overview applications for polysiloxane (Jerschow, 200 1). 
Application area 
Automotive 
Medical 
Wire and cable 
Sanitary and household 
Electronics 
Food dispensing valves 
Applications 
Exhaust pipe hangers 
Crank shaft seals 
Radiator seals 
Catheters 
Respiration masks 
Various valves (e-g., dialysis apparatus) 
Wear resistant cables 
Instrument cables 
Safety signal cables 
Gaskets in tap water equipment 
Gaskets for toilets 
O-rings (composite) 
Transmission and distribution (T & D) 
Medium and high voltage insulators 
Medium and high voltage cable accessories 
Food appliances 
Various gaskets 
Baby care articles 
Mould making Prototyping 
Models for design and/or display 
Functional models 
2.2.1 Properties of Polysiloxane 
The generally advantageous properties of polysiloxane as follows: (Jerschow, 200 1) 
1. Flexible in the cold down to -40 Coy in special extreme cases -55Cm 
2. Heat stable almost indefinitely up to 18O0C in hot air, with special additives up to 
2 5 0 ' ~  and for a short term even to 350'C 
3. Transparent: also addition curing grades without yellowing 
4. Compliant with food regulations such as BgW,  FDA, etc. 
5. Sterilisable by gamma irradiation, steam and ethylene oxide 
6. Very low compression set at elevated temperatures 
7. Low flammability, non-toxic combustion products 
8. High durability 
9. Good mechanical properties 
10. Unlimited pigrnentability, etc. 
2.2.2 Chemistry of Polysiloxane 
In the specialty elastomer field, polysiloxane has the distinction of having evolved 
originally from sand. Silicon (Si) is the second most abundant element making up 26% of 
the earth's crust, existing as inorganic silicate and as silicon dioxide. Elementary silicon 
as such does not exist in nature. The term 'silicone' generally describes 
polyorganosiloxanes with a main backbone of inorganic siloxane bonds (Si-O-Si) and 
lateral chains of organic groups. The most common silicones are the 
polydimethylsiloxanes with the structure shown in Figure 2.1. 
Figure2.1: Structure of polydimethylsiloxane 
The shorthand skeletal structure of typical polysiloxanes is formed of four units as 
shown in Figure 2.2. The mono-functional group, which has three organic groups, is 
designated as the 'M' unit. The di-functional group with two organic groups, the 
trifunctional group with one organic group and the tetra-functional group with no organic 
group are designated as 'D', 'T', and 'Q' units, respectively. Polymers formed on 'M' 
units and 'D' units are in oil or gum form, while polymers with 'T' units and 'Q' units are 
in resin form. Using these structural combinations, it is possible to design a wide variety 
of polysiloxane molecules. This relatively simple chemistry at low molecular weights 
leads to fluids or oils and, at high molecular weights, leads to gums which may be 
crosslinked to form elastomeric products. 
- - 
Figure2. 2: Skeletal designations of basic units of silicone (Colas, 2013) 
This Si-0 linkage is identical to the chemical bond found in highly stable 
materials such as quartz, glass and sand. Compared to the rotational energy of carbon- 
carbon bonds (15.10 KJNol) or carbon-oxygen bonds (11.31 KJIMol) in common 
organic rubbers, the extremely lower rotational energy of silicon-oxygen bonds (less than 
0.8 KJNol) in the polysiloxane backbone is responsible for its extended service 
temperature capability. Extraordinary resistance to deterioration factors such as oxidation, 
ozone, corona, weathering and radiation are also greatly influenced by the low rotational 
energy factor. The Si-0 bond (444 KJIMol) is stronger than the C-C bond (356 KJIMol) 
and longer (0.164 mm versus 0.153 nm) than a typical carbon-carbon bond (March, 
1992), which is also responsible for its outstanding high temperature performance. Many 
organic polymers contain unsaturation in their main chain backbones, which are 
particularly susceptible to oxidation and ozone attack. The absence of any unsaturation in 
the silicone backbone makes silicone rubber extremely resistant to these environmental 
factors. The polysiloxane molecules can be tailor-made by the chemist to optimize certain 
properties required by the particular application. In general, methyl, vinyl (VI), phenyl 
and trifluoropropyl are the most common side groups used in commercially available 
polysiloxanes (see Table 2.2). 
Table 2.2 Substituent effects on polysiloxanes (Jerschow, 2001) 
Table 2.3: Type and structure of polysiloxane (ASTM-D1418-a, 2006). 
Substituent groups 
CH3 (Methyl) 
CHeH2 (Vinyl) 
C6H5 (Phenyl) 
CH-CH2-CF3 (Fluoro) 
Imparted Quality 
General purpose 
Network control, strength, high hardness 
Extremely low and high temperature resistance, radiation 
resistance 
Oil and solvent resistant 
ASTM Dl418 classification 
MQ 
VMQ 
PVMQ 
FVMQ 
Types 
Diamethyls 
Methyle vinyls 
Methyle phenyl vinyls 
Methyle fluoroalkyls 
(fluorosilicone) 
Structure 
CH3 C p  5% 
I 1- y-O-csA-o- - 0 3 '  0- 
c CH3 
c'p C'P3 Cp3 
- 0 S i - 0 - S i - 0 - S i  -0- 
C$ Cit? C L H 2  
C6p Cp Cp 
- O - S i - 0 - S i - 0 - S i  -0- 
c cL c k = a  
C?' cp 
- O - S i - 0 - S i -  0 - S i  -0- 
I I I 
C p  CH<B C p  
cP cH2 I 
CF2 CF2 
2.2.3 Classification of polysiloxane 
Polysiloxane are essentially divided into two groups of materials, i.e., room temperature 
vulcanizing (RTV) and high temperature vulcanizing (HTV). RTV systems are able to 
cure at room temperature and HTV systems at temperatures well above 100 "C. 
A number in the name indicates the number of components that upon mixing will 
form a curable composition, e.g., RTV-2. HTV rubbers are mainly so-called solid silicone 
rubbers. They have a very high viscosity in the uncured state and appear as solids. This 
behavior has also led to the creation of the term High Consistency Rubber6(HCR). 
Approximately 25 years ago a new group of materials appeared that was intended for 
processing in injection moulding machines. Because of their low viscosity and paste-like 
behavior they were named liquid silicone rubbers (LSR) or simply liquid rubbers (LR). It 
is common to use LSR or LR as an abbreviation instead of HTV, even though they 
vulcanize at high temperatures as in the case of solid silicone rubbers. For the most part 
all LR materials are 2 component systems which cure after mixing and at elevated 
temperatures. In summary the silicone industry uses the terms RTV- 1, RTV-2, LR or 
LSR, HTV or HCR (Jerschow, 2001). Silicones and silicone elastomers originate from 
'sand', even though this is not as simple as it sounds, the complex chemistry and versatile 
properties of silicones are 'built on sand', as shown in Figure 2.3. 
WTV LR ntv 1 RTV 2 
Figure 2.3: Schematic of the production of silicone elastomers (Jerschow, 2001). 
Figure 2.4: Products and processing technology for silicone elastomers (Jerschow, 2001). 
2.2.3.1 Room Temperature Vulcanizing Polysiloxane (RTV) 
Many RTM systems are widely used as silicone sealants or adhesives. However, their 
individual function is not typical of the application of silicone elastomers. It is more 
related to sealants used in structural glazing and in the building industry. In silicone 
elastomer technology these systems are used for joining silicone profiles and molded 
parts. The applications of such adhesives range from building to healthcare and from 
automotive to aerospace. RTVs with clear elastomeric functions are materials that act as 
static or dynamic parts, e.g., gaskets, prototypes and mold making aids. RTVs are also 
used to produce molded parts, e.g., electrical insulators for medium and high voltage. 
(Jerschow, 2001) 
Condensation Curing RTVs 
In most cases RTV systems are condensations curing. The curable composition is formed 
by mixing two components or in the case of one component system (RTV-1) it is ready to 
use and it will cure after its application out of the packaging. The major part of the curing 
system is a PDMS (polydimethyl siloxane) polymer with terminal hydroxyl groups and 
reinforcing filler. As additives it contains a crosslinker, usually a functional silane, and a 
catalyst, in many cases a tin complex. The curing systems are classified by the chemical 
nature of the split products formed during the condensation process, when the functional 
silane is incorporated into the polymer network splitting of the condensation products. 
Table 2.4 shows examples of the current most frequently used curing systems, classified 
according to their acidity - acidic, neutral or basic. 
Table 2.4 Classification of condensation curing RTV- 1 products (Jerschow, 200 1) 
There are characteristics of a condensation curing system: 
1. The reaction is isothermal. 
2. The volatile alcohol, oxirne, amine, etc., is formed as a condensation product. 
3. A mass loss occurs due to the volatilisation of the split product, e.g. alcohol, 
which results in a 'chemical' shrinkage of the cured rubber in the range of 0.2-2 % 
(linear), depending on the concentration of reactive groups. 
4. In most systems the curing reaction reverts at temperatures exceeding 90 O C  if the 
reaction is incomplete. 
5 .  Retardation of cure occurs if there is a lack of moisture in the rubber or the 
ambient atmosphere. 
The mechanism of condensation curing is illustrated in Figure 2.5. In this curing 
process a silicone polymer with terminal hydroxyl groups reacts with a crosslinker with at 
least 3 alkoxy, carboxyl, amino or oxirne groups in the presence of moisture. Organotin 
complexes act as catalysts. 
Split products 
Acetic acid 
Oxime 
Alcohol 
Amine 
System 
ELASTOSIL E Acetoxy 
ELASTOSIL N Oxime 
ELASTOSIL N Alkoxy 
ELASTOSIL A Amine 
Acidity 
Acidic 
Neutral 
Neutral 
Basic 
Figure 2.5: The Reaction mechanism of the condensatkn curing process of RTV-I or 
RTV 2 system (Jerschow, 2001). 
2.2.3.2 High Temperature Vulcanization Polysiloxane (HTV) 
There are two types of high temperature vulcanization polysiloxane 
(A) Liquid polysiloxane 
All liquid silicone rubbers are addition curing. They cure at elevated temperatures and 
their main use is in silicone mouldings produced by injection moulding, and textile 
coatings. The scope for application of liquid silicone rubbers is huge. (Jerschow, 2001) 
In injection moulding they are used where large series need to be produced and 
the cost per piece is a big issue. To a certain extent their use is highly competitive against 
RTV and IFLlr solid silicone rubber, even in case of applications in the transmission and 
distribution industry, such as medium and high voltage cable accessories and smaller 
insulators. This is due to the short curing time and available processing technology, 
allowing for an utmost degree of automation and almost waste fiee production. 
(B) Solid Polysiloxane 
The consistency of solid polysiloxane is reminiscent of plastilline. Hence, its viscosity is 
lower than that of organic rubbers. This consistency is such that it is possible to supply 
solid silicone in almost any shape. The available geometries range fiom simple strips. (As 
they come off the two roll mill), cords, coils, blocks and profiles to pellets. In terms of 
chemistry there is a major difference between RTV and LR. In the first place there is the 
much higher viscosity. Consequently the molar mass of the polymers which form the 
elastic network is much higher. Because of this high molar mass, cured HTV usually has 
a lower crosslink density or at least a different network structure than RTV or LR and 
thus much better mechanical properties (Jerschow, 2001) 
The properties of the polysiloxnes that are dependent primarily upon the silicone polymer 
are: 
1) Low temperature flexibility 
2) Thermal stability 
3) Oil and solvent resistance 
4) Corona, ozone and weather resistance 
5) Non-adhesiveness to organic materials 
2.3 Introduction of filler 
Filler is a material that can be added in sufficiently large quantities to reduce the polymer 
matrix used in compounding. It is also defined as the substance that is inert and not 
poisonous in processing (Ishak, 1995). The purpose of adding filler into the rubber matrix 
is to reduce the production cost, and sometimes to give reinforcement. The reinforcing 
filler would increase the mechanical properties such as tensile strength, elongation at 
break, and tear resistance to the rubber vulcanizate. Examples of reinforcing filler are 
carbon black, precipitated silica, fiuned silica, calcium silicate and zinc oxide etc. On the 
other hand, the non- reinforcing fillers are used to impart the white or light color, 
reducing cost and produce certain unique properties of vulcanizate such as thermal 
conductivity (Barlow, 1993). 
Besides that, some of the fillers are added into rubber to impart the color of the 
vulcanizate such as titanium dioxide and litoton. Fillers should not be contaminated with 
manganese, copper and moisture. The metallic substance would deteriorate the rubber 
and the moisture can cause air traps which consequently form porous during the curing 
process. Thus, the filler should be dried before being incorporated into the rubber matrix. 
On the other hand, the specific gravity is important in choosing the filler. 
There are some properties that are dependent upon the type and amount of fillers 
compounded into the polymer are: 
Color 
Specific gravity 
Elongation 
Tensile strength 
~urbmeter 
Tear strength 
Dielectric properties 
Compression set 
Expansion coefficient 
Moisture resistance 
Chemical resistance 
Thermal conductivity 
The primary filler characteristics influencing polymer reinforcement are: 
1. Surface chemistry, structure and relative surface area 
2. Particle size and particle size distribution 
3. Structure of the filler aggregates, agglomerates and primary particles 
The intensity of wetting of the filler by a polymer depends on the difference of the 
solubility parameters (Schuster, 1996). The surface concentration of adsorbed trains is 
inversely proportional to the difference of the solubility parameters between the polymer 
and the filler (Schuster, 1996). 
Table 2.5: There are some types of particles used in polysiloxanes. (Paul, 2010) 
2.4 Silica 
Silicon a tetravalent metalloid is a chemical element with the symbol Si and atomic 
number 14. It is less reactive than its chemical analog carbon, the nonmetal directly 
above it in the periodic table, but more reactive than germanium. (Si) is a light chemical 
element with metallic and nonmetallic characteristics. In nature, silicon combines with 
oxygen and other elements to form silicates. The silicon in the form of silicates 
constitutes more than 25% of the Earth's crust. (Jones, 2008) Silica is a silicate consisting 
entirely of silicon and oxygen. Silica (SiOz) as quartz or quartzite is used to produce 
silicon. Silicon metal that is refined into semiconductor-grade metal for use in making 
computer chips is crucial to modem technology, but the quantity is less than 5% of total 
silicon metal demand 
Silica is a crystalline compound occurring abundantly as quartz, sand and many 
other minerals and is used to manufacture a variety of materials, especially glass and 
concrete. Natural silica is non-reinforcing and has been used as a filler, only to reduce the 
cost. The synthetic ones are reinforcing and nowadays have particle sizes as small as the 
carbon black besides an extremely reactive surface (Nunesa, 2000). Important natural 
varieties are silica (amorphous), silica (crystalline), silica diatomaceous (fossil origin) 
and silica (microcrystalline). Types of synthetic silica are precipitated, pyrogenic, 
aerogels and hydrogels. Of these varieties, precipitated silica and pyrogenic (fiuned) 
silica are being used for elastomer reinforcement. They are reinforcing fillers giving 
composites of high tensile strength, tear resistance, abrasion resistance and hardness. It is 
being used in the manufacture of translucent and coloured products, shoe soling, tyres 
and other mechanical rubber goods. 
The smallest physically observable primary particle for precipitated silica is about 
15-20 pn and for fumed silica it is about 15 pn in size. The surface forces of the small 
primary particles are so high that many particles agglomerate to form the so called 
secondary particles. Usually the shear forces generated during rubber mixing are not 
sufficient enough to disperse primary filler particles in the rubber (Hofinann, 1989). 
The secondary particles of silica fillers form further agglomerates. They form chain-like 
structures, the so-called tertiary structures. Though the tertiary structures are also 
relatively stable, they get more or less shattered by the shear forces during mixing. The 
higher the shear force, the better the dispersion (Hohann, 1989). 
Idrus et, al. (2011) studied the effects of different particle shapes of ultrafme 
silica used as filler on the properties of natural rubber compounds. They were using three 
types of silica shapes cubical, elongated and irregular. They are added silica to rubber 
compound according to 0, 10,20,30& 40 Phr. It was found the variations of the particle 
shape of ultrafine silica did not affect the scorch time and cure time of natural rubber 
compounds and different shape of ultrafine silica showed insignificant trends in the 
curing characteristic of ultrafine silica filled rubber compound vulcanisates, but irregular 
ultrafine silica showed higher values of torque as compared to the cubical and elongated 
shape. Irregular ultrafine silica showed the highest values of tensile strength. Tensile 
modulus and hardness. Followed by elongated and cubical ultrafme silica. 
Osman et.al;. (2001) studied the properties of particulate-filled composites are 
generally determined by the component properties, composition, structure (distribution), 
particle-particle interaction (agglomeration) and particle-matrix interaction (wetting and 
adhesion). The extent to which particles agglomerate depends on the balance between the 
attractive and repulsive forces among the particles and between them and the matrix as 
well as on the processing conditions (shear forces). The morphology of the composites is 
also often considered to be of crucial importance for the mechanical properties: therefore, 
the prepared composites were examined by scanning electron microscopy (SEM). The 
SEM micrographs of sections cut perpendicular to the horizontal plane (parallel to the 
sheet's flat surface) of the composite samples. 
Kitey & Tippur (2005) were studied particle size and filler-matrix adhesion effects 
on dynamic fracture of glass-filled epoxy the spherical particle of size ranging from 7p-1 
to 200p-1 are used to reinforce epoxy matrix at a constant volume fraction 10% and two 
different filler matrix strengths, weak and strong. They were used the optical method of 
coherent gradient sensing in conjunction with high speed photography has been used to 
study crack tip deformations in particle filled composite specimens. They were found the 
particle size effect on fracture toughness has been noticed in weakly bonded particles. 
The optimum particle size (35pm at 10% vf in the current study) at which fkacture 
toughness is maximum. The fracture toughness decreases as particle increases, maximum 
crack velocity increase as particle size decrease for weakly bonded particle. Particle size 
has no effect on fracture toughness when the filler particles are strongly bonded to the 
matrix. 
2.5 Previous studies for mechanical and physical behaviors of polysiloxane 
composites 
Early in the development of polysiloxane it was recognized that the polymer determined 
the inherent stability of them rubber, while fillers determined to a great extent the 
physical and electrical properties of the vulcanized and cured rubber. The properties of 
polysiloxane can therefore vary over a wide range. Considerable research was necessary 
to obtain the best combination of properties (Dexter, 1953). 
Reinforcement of polymers, and particularly of elastomers, using inorganic 
particles is still an open challenge, both fiom the industrial and fundamental points of 
view. According to the characteristics of the filler (nature, shape, matrix structure, 
concentration) and of the elastomer matrix (interaction potential with the filler), many 
systems, with many associated mechanical properties can be found (Leblanc, 2002). 
A variety of natural or synthetic solid particulates, both organic and inorganic is 
already being commercially used as reinforcing fillers in polymeric composites. While 
ceramic powders such as alumina (A1203), silicon carbide (Sic) , silica (SiOz), titania 
(Ti02) etc. are widely used as conventional fillers, the use of industrial wastes for such 
purpose is hardly found. 
According Jordan et al. (2005) the properties of the composites depend upon the 
method of dispersion of particles, aggregation of particles, and interaction between 
particles and polymers. The thickness and density of the interphase developed between 
two constituents depend on the interaction between particles and polymer. Interparticle 
distance also plays an important role in the interphase behaviour and properties of the 
composites. Tensile properties of the composites are mostly affected by the materials, 
method, specimen condition and preparation, and also by percentage of the reinforcement 
(ASTM-D5083-10,2004). 
Serbescu et, al., (2009) were studied the formation of permanent elastomers fi-om 
linear PDMS chains by solution blending with up to 25 wt?? fumed silica. They found the 
use of untreated silica leads to permanent networks, for which the NMR results correlate 
well with macroscopic determinations of the relaxed Young modulus and the degree of 
swelling. Surface-modified silica do not lead to percolated network structures, but still 
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